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The ehsorption spectrum of oxygen in the fer 
ultra-violet is known to sonsist of a region of scone 
tinnous sabeorption extending from 1300 « 17504, followed 
by the SchamanneRunce eyatem of bands between 1750 end 
PO604, and enother region of continuous ebsorption near 
21444, ledenbure end Ven Yoorhis (1) meaeured the exe 
tinetion eoeffielent over the 1200-17604 renge end found 
it to heave a maximum value at 1450A. Hefilpern (2) ine 
vestigated the sbserption in the "1444 region for 4if~ 
ferent presauree of oxygen and fonna thet 4t wes not 


deaoribed by Beer's lew. Instead, the extinction eoef- 


 £4etent for unit pressure wes inversely proportional 


to Panel where p denotes the oxygen pressure, %o far 
as the writer io aware, no systematic etudy of the exe 
tinotion in the region of the Sehumenne-Runge bands hae 
been made. However, Surry ond Herzberg (3) and Enanse 
and Ballard (4) heve determined the wavelengths of 
twenty-two bandheeta of the system, and obteined the 


rotations] structure of seme of the banda. 


in the investipation describe’ in this thesis 
extinetion ocefficionts in the 1750-°080A region were 
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determined by the method of photograpnis photometry | 
using o 3 metre erating veetum epectrograph. The oxygen 
was sonteined at various presatres in s 1 om. sell at 

the epectrograph- slit. ‘Sinee the ineldent light from the 
source, a tungsten ateel spark, poaseseed @ line speotrum 
the prosedure 41d not provide s complete pictere of the 
variation of extinetion scefficient with waveleneth for 
the discontineote absorption of oxygen in this rerions 


The date obteined consiat cf extination eoewe 
ficient velues at rather ologe wavelencth intervels 
(about 0.74 on the eversge) for three different prese 
sures of oxygéene ‘Two features sre noteworthy: (6) Ten 
new banda ere evifent which have not been observed 
previously bet fit into the soheme proposed by Curry 
end Hereberg (3); and (b) the extination coeffietent 
over the ranre is not independent of pressure in 
sooordance with Beer's lew but varies with it in a 
manner quantitatively similar to that found by Hefipern ( 


for the continuous absorption at 144A. 


: Detail ie of the Ban i Sve tem } 


fhe so-called Yehumenn-Renge system of absorption 


bands consists of two progressions of electronic bande. 


‘The first progreseion corresponde to # transitions from 
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the lowest ({v" = 0} to some copper iyeabiousk atates 

ond the second to = trencitions from the next to the 
state L 

loweat (v" »« 1)"to some 1 upper states fhe wave numbers 


(Y) of the band heads ere given in terms of the vibe 


rational quentum numbera v' and v°, pertaining to the 


upper and lewer enerey levele reapectively, by the 
following formula of Gurry end Hersberg (3): 

Y = 49357665 + (600.06v' - 10.798v'= ~ 0.1940") 
#(1668.330" = 1149930" + .0517V"3)..cecsceeseeee (2) 
Thie formels holdea up to v' e 7, v* = 21 and by anbe 
stitution of v"* 2 0 the bend heade of the firet series 


of electronic bands (column (1), table 1) ere given 


Knense and Bellerd (4) 


up to the point where v' «a Te 

extended the enalyeis end their formule for the bend- 

origine holds up te v! = 15, At gives the weveenumber 

(Y) as: | | 

Y lve) = 49014493 # 7004360 (v' + #) - 8.0083 (vt » Gd)” 
mpB0008 Oe" 6 BD? cence cevaneensenesansel 

This is the geme type ag the Herzberg formule but ia in 

a wlightly 4ifferent form end hes slichtly aifferent 

sonetants. However, up to the point #here v' # 7, 

vy" «2 ©, the two eqnatione give values of 7 wich 


te “1, 
agreeAwithin 1 om 


In table I, solomn (1) ere given the wavenumbers 


ohen 
progress/on 

for the bend heada of the first eeetes of electronic 
bands (v" = 6) se calenlated from equation {2), and 

in column (3) are given the corresponding wavelengths. 
In column (£2) are given the wavenumbers corresponding 
to the second prorression as eslenleted from egnation 
(1) for v" = 1 end v' = 0 to v' « 7 ‘This was the 
mit of Sersberg'a ene the only hendea observed by him 
are merkea © The remainder of solumn (2) was obteined 
by eubtracting 166664 om”? from the eorresponding wavee 
number in eolumn (1), thue predicting new banda. ‘This 
wae done since Herabere's feravlea shows a constant 
frequency difference (1586.4 om*!) between corresponding 
bends of the two progressions obtained by putting 

v" 21 in eqnation (1). In column (4) are given the 


wavelengths aorresponding to the wavenumbers in oolumn {° 


in determining the extinetion coefficient over 
the range of the oe bende of oxygen the 
Lembert-Peer relet ion BS nseds 

Bi Ae i cs ndd eds iptnsstianncsia th) 
lo, < ave the intensities of the light ineident epon 
and tranemitted by the absorbing medium of t hiekneas 
L and concentration 6 in gramme molecules per litre, 


and €* ig the moleenler extinetion ooeffieient given 


[ 
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TABLES 


FIA WRASSE IETS AHA LIAS PEARED TET SUTRA AICI at CELL ase AVS ONES 


v at. s'%, (3 
vf y* . v" # Af 
0 (49357.6) 47, 20162 #202640 
. @50, 04307 48, 48903 199662 
2 50,710.08 49,164.64 1972.0 
Sx 61,522 49,796.68 1947.3 
4x @61,969.9 650,413.23 1924.2 
5x G62,562.9 €61,006.3 1902.5 
6x 63,128.38 661,566.4 1862.4 
9+ 683,658.3 652,100,4 1863.6 
(8+ 64,160.68 5%,602.9 1646.4 
9+  84,694.3 63,0679 1830.7 
10% 65,061.9  55,495.6 1916.5 
114+  86,439.9  63,98%.5 1803.8 
12+ «BB, 78600 4022906 —«-:1 796 
137 66,08%9 64,531.65 1782.49 
14> 66,343.4  54,788.0 1774.8 
168% 66,560.2  64,992.8 1768.3 
‘16 «= TB6, 706.0 5 14906 176305 
17 166,808.5 55,2681 1760.3 
18 156,855e4 55, 29940 175668 


~ observed by Surry and ‘Heraberg (3). 


- observed by Ensues ond Bellerd (4) 
~ observed ty Leifeon (6) 
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1919.4 
#1901,.0 
#198444 

1869.2 
#1685.9 
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#1623,8 
#16°5.8 
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#1615,2 
#1809 9 
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~ new bands observed in thie inveatizatione 
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€ . = —— log = bes Ube be Cees e Ceeescveeaeet4) 


Sinee we sre dcaling with a ges in this case the eon~ 
gentration © een be obtained simply from a knowledge 


of the tempersture and presaure from the relation: 


Cieid. "a x — sassesecccvsesecssene (8) 
BB.4 OU oe — 


where T is the ebaclete tempersture ond p is the 
presaure in mm. of mercury. However, equation f4) 
gives the ¢xtinstion coeffielent at the pressure p 
ena since » comporieon ie desired between extinetion ~~ 
coefficients at aifferent pressures it ig desirable to 
nee this expreseion in terme of unit pressure. Thus 
€ (per om. peth length per mme pressure of gas), 


* : Log Ie Oobedeecedaderseseneecsecceneqceneeas (6) 


& 3 metre grating vecuum spectrograph wae used 
to record tye epestra of # tungsten steel spark source 
on an vltraeviolet sensitive photerraphie plate, The 
firet, comparison apectrom, was obtained with the 
evaouated cell in the light path, end the second, 
absorption spectrom, with » known pressure of oxygen 
in the sell, The photographie densities of corres pond- 
ing lines in the tw epectra were obtained using & 
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Hilger type non-reeording miorophotometer. These were 
sonverted to intensities by meens of « ealibration 


ourve obteined for the plate ana the ratio a evalnateds 


Prom « knowledge of the cell length, gen preseure ond 
temperature ona the above intensity ratio the extinetion 
ecefficienta over the whole renge of wavelengths were 
determine’ from equation (6). 

fe) Ehotorrephy of the absorption speatras _ 
(1) The veeuum speatrorraph. 

The vacuum epectroreraph need in thie investigraq 
tion was a grating instrument designed and built by 
Dr» Re ds Lane, The 3 metre concave grating is ruled 
with 20,000 linee per inch on an sluminum surface in 
the form of 6 thin f41m evaporeted on glass, Aluminum 
ie used beeense of its high refleating power in the 
ultra-violet remion of the spectrum. The inetrument 
4s besteslly the seme desipn as the twoemetre erating 
Aesoribed in a paper by Leng end Smith (6). The chief 
aaiventare of thie type of construetion lies in the 
fact that means ere previded for removing the photoe 
eraphisc plate and adjusting the grating while the 
vaouum is mainteineds The basie srrengement is 


illustrated in plen en4 elevation in figs. 1 ond 2, 
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Pig./is The vacuum epeqtrocraph 


an View 
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The slit, fixed in position in the end of the ground 
Soint 7, le eteot> 
as the photographie plete held in « vertios] pos ition 
by the plate-holder 7, The elit ond the lines on the 


the seme distence from the grating 


erating ere horisentel ond must he exret 


tty perellel, 
Two exactly similar plateshelders are tiged and by meane 
of the device ontlinea in Leng's paper (6) oan be intere 
ehanged readily without alliowine eir inte the apectroe 
erephs 


The souree of light wee a high potentiel everk 
@enelosea in the Aotted chamber (Pig. 1) and entirely 
eeperate’ from the main hedy of the ere etrograph by @ 
fluorite window plece’ ever the slit. Mig, 7). The 
electrodes were of tunesten steel tepered to a Plat 
end abont oné aquere mm. in ares to ceive a fairly ree 
produgible spark with a esp of 1 mm. The source 
chamber was filled with nitrogen gss which 1s treange 


parent te 18004, In orfer to obtein the maximum amount 
of refleated light from the whole erating surface it 

- Was necesgary to mount the souree very olose to the — 
elit and hence sputtering of the window was a limiting 


feotor on the expvanre times 4 aeteiled plen view of 


this plete«holder end of the speetrograph te given in 
Mle Be 
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The position of the absorption ee11 in the 
light peth te (An Aieatea in Pies 4)*pleeea petween the 
elit end the gretings, Thongh this errangement hee the 
edventage thet the eel] aan be removed without lowing the 
yaouom in the main bedy of the instrument ite chief dige 
advantece is that 4t limite the length of the cell, It 
is 4 @m. @quere end 160 ots thick with fluorite windows 
4t ie built to withstand preasures 


up te one atmosphere ani can be evacuated or filled with 
the gee under test to a known preasore as indicated in 
Pee 4e 


& atrip 1 ineh wide, ant from so 4 inch be 10 
inch Eestmen Kodsk Type I-0 U,V, sensitive photo 
erephic plete, wae ineerted in the vacvem apectroe 
graph and three exposures were teken, Thus three 
apectra were obtained aide by eife on the plate by 
means of a emall rotation of the grating about ite 
vertical axige ¢ wavelength renge gevered in these 
exposures was 1600 to 20504 anf the source gave shout 
five hundrea@ lines in this region. ‘These lines, with 
& few exceptions, were between 0.3 an4 148 A spert 
throughout the entire ranre, The dispersion of the 
instrument ie about %6 4 ser mm. so these linee ere all 
well revolved, The wavelengthe of el) the lines were 
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determined by making meagurements on a peed gomparae 
tor and then deternining the linesr Aiepersion over 
several ranges of approximately 100 A. ‘The standard 
lines used were those of iron observed by Green (7) 
and the determined wavelengths are eeceurate toe within 
Z o.1A, 


The sovree chamber wae filled with naltregen et 
atmospheric pressure an@ the main body of the spectroe 
graph evacuated to the order of 10°4 mm. by 6 Leybold 
diffusion pump with « lignid air trap, before any 
exposures were made, An exposure time of sbout 10 
minutes wee evfficient to give line densities auiteble 
for photometerings owever, oonsidereble difficulty 
wee founda at Tiret with agattered licht in the instrue 
ment fogeing the piste ana the placing of diaphrepma 
aia not improve the siteation, dt was fineliy e¢lining 
ated elmost entirely by reducing the length of the 
eperk gep to approximately one mm. thus profneire 6 
eteadtier epork with lees apnttering of the floorite 
window ond lege intensity in the vielble part of the 
apeatrums 


The validity of this method of mesaurement for 
extinetion sceffiaients depends on the eoneteney of the 
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gource emiesion, Therefore the spark must be highly 
reproducible en’ "igs 5 wae s plate taken te test for 
this property. The firat two epestra were obtained 
with the oell eveenated ona the third with 360 mms of 


oxygen in the cell. ‘he expoaure time in eaoh ease 


was § minutes end the tempereture throughoat wae 74°O, 


The data obteined’ by a photometric determination of 


line intensities iz and x2) in the two speetra is 


given in teble IT as 


8 Patios 


Ten linea were shogen 


eround 20004 and the remesinder ehesen at random over 


the reat of the epectral regione 


1931.5 
1990.2 


196462 
1962.9 
2001.0 
£00149 
POOR sd 
2005 o1. 
200462 
©0054 7 
POO Ge 4 
£00606 
2008.5 
POO8,8 


Tave from en exemination of the table we eee that the 


gouree emfasion ie senstant ‘Sor theee two exposures 


within the error of the photometric meeaurements 
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{see page 33). ‘in thie oasé there are about ae meny 
values of the intensity ratio shove unity se helow it 
bat in other csees it was found necessary to use 9 
emsll correetion fectorse thie fsater wes obtained 
by teking the mean of sbont 20 readinge in the range 


where there was no absorptions. 


Pig. 6 were obteined with the eel] oeveanated, eel) 
| filled to s pres 


sure of 526 wm. of omyren, ana cell 
fP4ilied to a presoure cf 176 mm. of oxygen respectively. 
The exposure time wae 7 minutes in each eenme and temp 
ereture 24°C, ‘the three plates, two from the veannm 
speetregreph ond one agelibration, were then processed 
together under controlled conditions, ‘they were Tiret 
bathed for one minute in ethylene enloride ss specified 
by the manufeaturer te remove the vitra-violet sensite 
ising material. They were then developed torether for 
i? minetes in Kodak 019 developer at 20°C, rook ing 

the tray eontinuonsly to minimize ocourrence of the 


Sberhara effect. 


() Intensity Messnremente_ 
Thia involved 


the 
the determinetion of “intensities 


mule 


| 


wl Ga 


bate, 


of 811 lines in the comparison ent absorption speatrse 
obtained on the vachum speatrorgraph. The mierophoto- 
meter used for the purpose wae one built by Ry Jd. Lang 
which fs of the aefleation type and, petterned efter 

the Silger nonreooriing photoelectric microphotemeter (8) 


In using the instrument 9 preliminery warm-up perio? 


of shout one hel? hour was found sufficient for the 
light source an? detector ayatem to resch equilibrium. 
Sinee the photometer wae in ose for many horre at a 
time it was necessary to provide trickleeharging for 
the storage batteries from a 1l0-volt 0.0, generator. 
This elec provided a type of voltage control which is 
highly desirable if the lor 


inoue output of the leap 
fe to remoin censtente Tue to the long period of the 
galvenometer ueed, ant einse 1¢ was nsed overdomped 
for maximum senaitivity, it wae neseseary to co beck 
and forth several times throurh « line in order to 


ensure thet the minimum resding wee obte inede 


The photorraphiea density (9) ef « line fe 
iefined se log lo where 1. and I denote the intensities 
transmitted by the clear plate and by the line - 
mage respectively. According to stenderd vhotometrie 


procedure (9) these intensities “ore given by the doo 
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flestions of the gslvsnometer when beom traversed 8 
Glear pert of the plate and the minimum deflection 
when the line under tes$ enute the beem (4), Hence 


D = log gos Thus the values of fo were determined 


for all lines in the comparison speestrom and the gore 
responding linea in the abeorption epectram. These 
must he converted to intense’ ties en4 in order te 4o 


a ) : as 
this a eslibration eurve for the plate 4 reanired, 


The golibretion marke were put on a piece of 
the some photographic plate ae expesea in the vecnum 
spectrograph by meana of a rotating sector diee 
pleoed immediately in front of the dit of a Hilger 
lerge quarts BE, spectrorrsph. Two exposures were 
made (fle 7), of 16 seconds and 40 seconds duration 
reepeatively, wosinge o acndenged apark hetween tunge 
sten ateel electroder ae a sopreés This souree eure 
many atronr dines in the rereion 9100 to P4008 and 
the longer exposure geve Lines eviteble fer photoe 


metering et the shorter wevelenrthe, ‘The epeed of 
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rotation of the seetor (ratio 1 fige &) was spproxe 
| dmetely 2000 reGeme which is sbove the aritiasl apecd 
(1660 reper.) necessary to ensure thet there js no 


intermitteney effects(lo) 


CUrdinary pletes ere not seneltive below about 
22004 heasuge of the absorption by the gelatin. Henae 
the plates need sre aencitised to the ultraeviclet hy 
ty orystelline material whieh fluoreseca in the vltre« 
violet light end emite lisht of longer wave-length te 
which the emaision is seneitive, This fluorescent 
effeot ie the seme no matter shat ultra-violet wave«- 
length eauees it, provided that wavelength ie lene than 
8 eertsin oritieai value below which the effect becomes 
operatives in terme of the charceterietia curves of 
the emeleion this meane thet the slopes should be the 


seme for el] wavelengths below the eritiesl wavelengths 


the stepesector Aise (scale # i). 
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Date to support thic ere given in teble ITI end plotted 
in fig & for three wavelengths 2400, 2266 and 2160i, 
The values of an Teeree the average of three. ine» 
dependent determinetiong on each of the lines ant the 
intensities are given on sn erbitrary scale hy the 


eecotor ratics 


In fige 2 the slopes of the three survea appear 
to be the game end if ther have thie property 9 simple 
leterel shift of ener one of them ahould meke if eoine 
aide with either of the others, ‘Since the absctasse 
are On 6 log seale this ahift oan be obtained by 
multiplying the intenat'y values by @ anitable factor. 
This factor wea obtained hy texing the average velue of 
the shift of the ®1604 and @P2654 curves frem the 24003 


aurve over the range of opacity Ane The factors 
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|lengthe down to 17604, Thus the intensity ratio I 


involved were e652 and 165 respectively ena the aise 
placed pointe (1+ ana) ere seattered about the 

2400A ourve. The soatter of the points so obtained 
indigstes that the slopes ere the same within the 
experimental error of the observations. Thas in figs 10 
the best curve wan drawn throuch el] these points 

and thie wee used as the oalibration eurve for obteine 
ing line intensities from values of 4 
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for ell warece 
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of equation (6) wae obteined end henee the extinetion 


eoeffieient eslerlated over the whole rence of wavelengthas 
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fables IV to VII rive the values of the | 
observed ratio os and the ealenlated value of the 


extinetion coefficient {per om. path length per mm. 
pressure of oxygen) over the range of wavelengthas 

I, represents the intensity of the line in the come 
parison spectrum obtained with the gell evaevate’ and 
i represents the intensity of the corresponding line 
in the absorption spestrum obteined with various 
preastures of oxygen in the ¢ell, The desta given in 


eneh Gable ere for a single plete at thet pressures 


Table IV 


y Extination eceffielente in rance 1740-19006 
# «indicates line ganno! be aacaretely 3 sho tone tered 
beoaneve of geome actect in the ph 
@ -indiestes the opacity is beyond the rance of the 
 @alibretion cprves. 
* windiesates line is preeent in comparison spectrom 
bat no treee of it in the absorption epeatrams 
E am — log goede 608 log “ eince pelfi mm. of oxyre 
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4-_ isecnesions 

In figures 11, 12 snd 13 ere plotted the curves 
for extinetion coefficient verous wavelength from the 
dste in tables IV 


and ¥, The eurves indicate cone« 
tinuovs sbsorption below 17564 ant 9 ayatem of bende 
decreasing in intenaity towarde longer wavelengrthe » 
The variation sbort the sero velne for the extinotion 
eoefficient, hetween the limite marked, is an india@ 
ation of the exrerimentel error of the ohservationa. 
Sinee both the inetdent redistion end the absorption 
spectrum are Aiseontinnous in thie region the enrves 
Ao not give complete oiature of the variation of 


extinetion soefficient with wavelength. 


Before making eny deduetions from the graphe 
ani tebles presented it in necessary te coneider the — 


experimentel error in the observed velues oft and 


the error in eslenlate’ veluea of the extinetion 
eoeffioient, An examination of teblee IV-VII showe the 
ratio : to he 1.0020,10 in the recions where there ia 
no absorption. hie deviation from unity is due to the 
error involved in the determination of I, maf end a 


atatistics] exemination of the dete given shows 6 


maximum poeeible error of 10% in the intensity ratio. 


Bat aince € ie 3 logsrithmic function (€ = 1 log Ip) 
: “are 18 jo) 


the error in € depends on the velne of log po in the 
following manners , | 


% possible error in € = % po 


Therefore, since the ratio do is in most esses of the 
order of 1.2 to 166 for an absorption band, the value 
of log # is emall on@ hence the denominator is in 
these instences lease then unity, thus making the 
possible error in € much prester then 10%, For some 
of the stronger bends, however, the ratio is muah 
larger then unity en@ in these oases the denominator | 
ie correspondingly preater, thus meking the error in 
€ tess then 10%, To inerease the accuresy of deter- 
mination of € a longer sbhsor?>ing path. 4s desireable 
but, a8 stated earlier, the cell length in this ine | 
vestigation was limited by the poaition of the e011 
in the light heats 


Prom en exeminetion of the tables ana graphs 
absorption bende not previously obeerved ere indiceted 
at the ten wavelengthe marked # in table I, Nine of 


these belong to the second progression of Sehumenn 


wo Bde 


* eat 


vo) ie 


5 me 


bande and the tenth, at 206A, is the heed of the 
firet prorreasion,. Of the twenty-two bands reported 
by other investigators and marked (@,* end 7) in 
table I, seventeen have been observed in the present 
work, The exceptions are 1996.2, 1947.3, 1939.2, 
1816.6 and 1768.0 and are not observable fine to the 
laek of Lines in the source et these perticuler point#. 
Tablea VI ond VII eleo confirm the presence of nearly 
nll bena4e represented by the ereaphe se en exemination 
of the values of the extinction soeffiotente at theese 
wavelenrths #223 indieete, There are some shoorption 
Lines intieeted in the eraphe which sre not secornted 
for by the bend heade in teble i, Theeae lines, enoh 
ee 1877 ond 18874, sre rotation lines of s bend seni 


have heen 


meagured by Eneuse end Bellerd (4). 


The extinetion coefficients for some of the 
bende were obteine’ for three different pressuree of 
oxygen end the data show that the absorption is not 
desoribed by Beer’c law. If it were then the product 


€p ehould be « sonstent for different preseurea at the 


game wavelengthe The following table gives veluee of | 


1.56 


ép and ep for t 390 wavelengths in the region of 


continuous absorption and for three of the bandée 
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These particular bends were showen heesuse of their 


possible error in the extinetion eocefficient. 


1776.0 


178307 40 | ee, eee aa, | 


ween 


The above table indiesatee thate p is not e aone tant 
prob 


larger ratio of # and henee @ aorrespondingly lower 
but the quentity< ; is 4 conatent within the ex- 
perimental error for the three pressvres shown, ‘Thue 
the extinetion coefficient for the discontinuous 

abeorption of oxygen ie not independent of the pressure 
to thet found by Heilpern (2) for the eontinuons 


but varies with it in o manner quentitatively simller 
absorption neer P144i,g 
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